Intravenous alemtuzumab is an effective and well-tolerated treatment for T-cell prolymphocytic leukemia (T-PLL
Introduction
T-cell prolymphocytic leukemia (T-PLL) is an aggressive malignancy with a median survival of 7 months in historical series. 1 Intravenous alemtuzumab (Campath), used either alone or in combination with a purine analog, is an effective and well-tolerated treatment, with overall response rates (ORR) ranging between 51% and 95%, [2] [3] [4] [5] [6] and a median survival of 15 to 19 months in patients achieving a complete response (CR), 3, 4 increasing to 48 months after consolidation with autologous or allogeneic stem cell transplantation (SCT). 7 Studies in chronic lymphocytic leukemia (CLL) have shown subcutaneous alemtuzumab to be as effective as intravenous alemtuzumab. 8, 9 The UKCLL05 study was designed to examine the efficacy and toxicity of this more convenient method of administration in previously untreated patients with T-PLL. We analyzed the results from our series of patients with T-PLL who received alemtuzumab intravenously and compared them with those of the subcutaneously treated group.
Methods
UKCLL05 was a prospective nonrandomized pilot study, in which previously untreated patients with T-PLL were given alemtuzumab (Campath) delivered subcutaneously. The primary end point was the ORR, including the CR and partial response (PR) rates. The secondary end points were toxicity, progression-free survival (PFS), and overall survival (OS). The recruitment target was 10 patients over 2 years.
T-PLL was confirmed by a central review of morphology, immunophenotyping and cytogenetics. Patients with World Health Organization performance status Ͼ 2 were excluded from the study. The study (EUdraCT no. 2004-004636- The dose of subcutaneous alemtuzumab was escalated during the first 3 days (3, 10, and 30 mg) and then given at a dose of 30 mg 3 times a week until maximal response, for a maximum of 18 weeks. A change to the intravenous route was allowed if severe local reactions occurred at injection sites, if there was disease progression, or if only a PR was achieved by week 8. Patients in CR were considered for SCT.
All previously untreated patients with T-PLL referred to the Royal Marsden between October 2005 and July 2007 were recruited to the UKCLL05 trial. We compared the outcomes retrospectively with those of 32 treatment-naive patients with T-PLL who received alemtuzumab by the intravenous route, either before the trial or after it, using the same dose schedule. Apart from the route of administration, the management of these cases was the same as for the UKCLL05 patients.
As per the UKCLL05 protocol, CR was defined as the absence of disease detectable by morphology of blood and bone marrow (including trephine biopsy) and CT scanning; PR was defined as 50% or more reduction in detectable disease, but short of a CR, maintained for 2 months or more. CT scans were not available to confirm CR in 8 patients who received alemtuzumab intravenously.
PFS and OS were estimated using the Kaplan-Meier method. The Fisher exact and Mann-Whitney U tests were used to compare groups. Statistica software by StatSoft was used.
Results and discussion
The demographic characteristics of the 32 previously untreated patients given alemtuzumab intravenously were similar to those of For personal use only. on April 13, 2017. by guest www.bloodjournal.org From patients who received it subcutaneously (Table 1) . In both groups, the male/female ratio was 2:1 and the median age was just Ͼ 60 years. In the intravenously treated group, the immunophenotype was either CD4 ϩ (67%) or CD4 Ϫ and CD8 ϩ (33%). A complex karyotype with abnormalities of chromosome 14 [eg, inv(14)(q11q32)] and/or chromosome 8 (isochromosome 8q) was found in 12 of 17 evaluable patients. Nine patients were recruited to the UKCLL05 trial, of whom 8 had a CD2 ϩ , CD3 ϩ , CD5 ϩ , CD7 ϩ , and CD4 ϩ immunophenotype. Seven had a complex karyotype, and 8 had chromosome 14 abnormalities. The proportion of patients with extramedullary disease was similar between the 2 groups (P ϭ .7).
After intravenous alemtuzumab, the ORR was 91%, with 81% CR. In comparison, only 3 of 9 UKCLL05 patients responded (ORR ϭ 33%, P ϭ .001). All 3 responders qualified as CR (Table 1) . Subcutaneous alemtuzumab was well tolerated. Two patients had skin reactions and 2 had asymptomatic cytomegalovirus reactivation. Two had grade 4 hematologic toxicity, considered to be related to the disease itself rather than the treatment. These latter 2 patients died of progressive disease while on treatment. Recruitment was terminated because a review by an independent data monitoring committee concluded that subcutaneous alemtuzumab was not as effective as intravenous alemtuzumab.
Five of the 6 nonresponding UKCLL05 patients were changed to intravenous treatment, resulting in 1 additional CR. Pentostatin, 4 mg/m 2 weekly, was added for 5 patients, resulting in 2 further CRs (Table 2) . Three patients remained alive at 46 to 53 months of follow-up, 2 in continued CR after allogeneic SCT. PFS at 12 months was 67% in both the intravenously and subcutaneously treated groups, and OS at 48 months was 37% and 33%, respectively ( Table 1) .
As expected, 45 patients who received alemtuzumab intravenously after other previous treatments had lower response rates than those treated de novo (ORR ϭ 74%, not significant; 60% CR: P ϭ .04, Table 1 ). However, the CR rate was higher, and the ORR rate significantly higher (P ϭ .05), than in the previously untreated patients who received alemtuzumab subcutaneously.
In this series, response rates have been consistently high in previously untreated patients with T-PLL who received intravenous alemtuzumab. The finding of significantly inferior response rates with the use of subcutaneous alemtuzumab as front-line therapy, even when compared with intravenous treatment in relapsed or refractory patients, was unexpected. We are confident that this is a real observation, given that the patients in the UKCLL05 trial had characteristics similar to those treated with intravenous alemtuzumab and also given that the expected response rate was resumed in a subsequent patient cohort after return to first-line treatment via the intravenous route. The difference in response rate between intravenous and subcutaneous alemtuzumab, therefore, could not be attributed to a change in patient population or other management factors.
There are a number of possible explanations for the lower rate of response to subcutaneous alemtuzumab. From pharmacokinetic studies undertaken in CLL, it is apparent that, although the same peak levels of antibody are obtained with both intravenous and subcutaneous administration of alemtuzumab, there is a longer delay in achieving this with the subcutaneous route. 10, 11 This may be particularly critical in this rapidly progressive leukemia, in contrast to CLL. It is also possible that the nonresponding patients developed anti-Campath antibodies, and this could also explain the failure of 4 of 5 patients to respond to a change to intravenous administration. The only recorded evidence of anti-Campath antibodies in CLL occurred when alemtuzumab was administered subcutaneously to previously untreated patients. 8 The subcutaneous route is certainly more immunogenic than the intravenous route, and the nature of T-PLL means that patients are often less immunocompromised than comparable CLL patients.
Although this pilot study was small, the findings are highly relevant to clinical practice. On the evidence presented here, the intravenous, but not the subcutaneous, route of alemtuzumab administration remains the treatment of choice for newly diagnosed patients with T-PLL.
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